Genetic aspects of growth rate and feed utilization in beef cattle by Ahmad, Manzur-ud-Din
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1966




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ahmad, Manzur-ud-Din, "Genetic aspects of growth rate and feed utilization in beef cattle " (1966). Retrospective Theses and
Dissertations. 2850.
https://lib.dr.iastate.edu/rtd/2850
This dissertation has been 
microfilmed exactly as received 66-6971 
AHMAD, Manzur—ud—Din, 1929— 
GENETIC ASPECTS OF GROWTH RATE AND 
FEED UTILIZATION IN BEEF CATTLE. 
Iowa State University of Science and Technology 
Ph.D., 1966 
Agriculture, animal culture 
University Microfilms, Inc., Ann Arbor, Michigan 
GEI^ETIC ASPECTS OF GROWTH RATE AND FEED UTILIZATION IN BEEF CATTLE 
by 
A Dissertation Submitted to the 
Graduate Faculty In Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Animal Breeding 
Manzur-ud-Din Ahmad 
Approved: 
In Charge of Major Work 
duate College 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1966 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
I. INTRODUCTION 1 
II. REVIEW OF LITERATURE 4 
A. Effects of Environmental Factors 4 
1, Effect of sex 4 
2, Effect of age of calf 6 
3, Effect of years 7 
4, Effect of breeds 7 
B. Heritability 8 
C. Genetic and Phenotypic Correlations 18 
III. SOURCE AND NATURE OF DATA 29 
IV. METHOD OF ANALYSIS 32 
A. Estimation of Environmental Effects 32 
1. Model 33 
2. Assumptions underlying model 34 
3. Method of estimation of constants 36 
B. Estimation of Genetic Parameters 44 
1. Heritability 44 
2. Standard errors of heritability estimates 46 
3. Genetic correlations 47 
C. Estimation of Phenotypic Parameters 49 
1. Phenotypic correlations 49 
V. RESULTS 51 
VI. DISCUSSION 84 
A. Heritabilities at Different Ages 84 
B. Heritabilities at Different Times in Feeding Period 87 
iii 
Page 
C, General Conclusions Concerning Heritabilities 88 
D, Genetic and Phenotypic Correlations 91 
E, Important Fixed Effects 95 
VII. SUMMARY AND CONCLUSIONS 99 
VIII. BIBLIOGRAPHY 102 
IX. ACKNOWLEDGMENTS 110 
iv 
LIST OF TABLES 
Page 
Table 1. Heritabilities of weaning weight reported in the 12 
literature 
Table 2. Heritabilities of postweaning gain reported in the 13 
literature 
Table 3. Heritabilities of efficiency of feedlot gains reported 14 
in. the literature 
Table 4. Genetic, environmental and phenotypic correlations 22 
among paternal half-sibs 
Table 5. Genetic and phenotypic correlations among traits in 24 
steers 
Table 6. Genetic and phenotypic correlations among traits in 24 
heifers 
Table 7. Phenotypic, genetic and environmental correlations 26 
Table 8. Genetic and phenotypic correlations 27 
Table 9. Analysis of variance for testing different fixed effects 43 
Table 10. Analysis of variance for estimating heritability 45 
Table 11. Means and variances of steers 53 
Table 12. Analysis of variance for gains, feed consumption and 73 
efficiency on feedlot 
Table 13. Estimates for the environmental effects 74 
Table 14. Heritability estimates and their standard errors 77 
Table 15. Genetic correlations for various variables 78 
Table 16. Phenotypic correlations for various variables 79 
Table 17. Standard errors for the illustrative values of genetic 80 




Table 18. Confidence limits for the illustrative values of 80 
phenotypic correlations 
Table 19. Heritability estimates over the entire period on 81 
feedlot 
Table 20. Variances and covariances of the intragroup sire 82 
averages for performance over the entire feeding 
period 
Table 21. Phenotypic correlations among the sire averages for 83 
performance over the entire period 
Table 22. Heritabilities of performance in short periods for 85 
steers fed at different ages 
Table 23. Estimates of heritabilities for different periods of 87 
the feedlot test 
Table 24. Average estimates of heritabilities for three traits 89 
Table 25. Fixed effects expressed in terms of one-half of their 96 
respective standard deviations 
LIST OF FIGURES 
Page 
Figure 1. Mean body weights of steers on feedlot in different 
years and treatment groups 
52 
Figure 2. Distribution of gain during first 56 day period 54 
Figure 3. Distribution of gain during second 56 day period 55 
Figure 4. Distribution of average daily gain during last period 56 
Figure 5. Distribution 
period 
of feed consumption during first 56 day 57 
Figure 6. Distribution 
period 
of feed consumption during second 56 day 58 
Figure 7. Distribution 
last period 
of average daily feed consumption during 59 
Figure 8. Distribution of gain during first 56 day period 60 
Figure 9. Distribution of gain during second 56 day period 61 
Figure 10. Distribution of average daily gain during last period 62 
Figure 11. Distribution 
period 
of feed consumption during first 56 day 63 
Figure 12. Distribution 
period 
of feed consumption during second 56 day 64 
Figure 13. Distribution 
last period 
of average daily feed consumption during 65 
Figure 14. Distribution of gain during first 56 day period 66 
Figure 15. Distribution of gain during second 56 day period 67 
Figure 16. Distribution of average daily gain during last period 68 
Figure 17. Distribution 
period 
of feed consumption during first 56 day 69 
vii 
Page 
Figure 18, Distribution of feed consumption during second 56 day 70 
period 




L, B. Mendel (1914) says that there is no satisfactory definition of 
growth. The word, however, is usually understood to indicate that series 
of physiological changes by which an individual of any species develops 
from the fertilized egg to maturity. According- to Minot (1907) the impulse 
to grow is imparted with the union of generative cells and uterine life is 
characterized by rapid growth. He estimated that in the early embryonic 
stages rabbits grow as much as 1000 percent in a day and that 98 percent 
of the growth impulse is lost before birth. An animal then begins extra­
uterine life with less than 2 percent of the original power with which it 
was endowed (Eckles and Swett, 1918). Brody and Ragsdale (1925) defined 
growth as constructive or assimilatory synthesis of one substance at the 
expense of another (nutrient) which undergoes dissimilation. Growth is a 
process familiar to all yet it is hard to define. Many of the forces which 
guide and control it are still imperfectly known or perhaps not understood 
at all (Lush et al.. 1930). 
The individual has an inheritance or growth impulse which makes it 
possible to attain a certain size and even the greatest intake of food will 
not cause this limit to be exceeded. Nutrition, which is often looked upon 
as a controlling factor, can do no more than give free scope to the 
tendency to grow which the animal has received at birth. 
The tendency of the animal body is to grow at a regular but constantly 
decreasing relative rate from birth to maturity. In spite of this general 
tendency which manifests itself under uniform and good conditions, growth 
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is influenced to a considerable extent by the conditions under which the 
animal is forced to live. Thus these environmental factors mask the 
inherent power of growth. Environmental conditions of the growing animal 
have a much stronger effect upon the weight than on the growth of 
skeleton. Differences between animals are thus due to two major causes, 
genetic and environmental. The observed performance of each animal in 
each trait is the result of the heredity that it receives from both parents 
and the environment in which it is raised. Even when an attempt is made 
to provide a uniform environment there are still accidental and unknown 
environmental differences between animals. These differences result from 
all the animals in a herd not being at exactly the same place at the same 
time, grazing the same area and exposed to the same environmental elements. 
For example some members of a group might be affected by some subclinical 
disease while others are not. Many such random environmental factors 
affect some animals by chance and not others, thereby causing differences 
in the expression of economically important traits. Performance records 
of animals should be adjusted to reduce or discount known environmental 
differences between animals so that genetic differences among animals can 
be recognized and used for effective breeding plans for improvement. 
Adjustments should be made for environmental and physiological sources of 
variation such as differences in age, sex, breed, years and any other 
environmental variables that can be measured or evaluated. It is difficult 
to make accurate adjustments for these differences. Genetic differences 
3 
between animals do exist but large environmental differences make the 
evaluation of such genetic differences extremely difficult. 
Growth rate is one of the most important traits in beef cattle 
because of its high association with economy of gain and its relation 
to fixed costs of production such as veterinary, building and labor costs, 
etc. In most instances, differences in growth rate have been measured in 
postweaning feeding tests. The results indicate that differences in 
growth rate can be appraised rather accurately in this manner. Economy 
of gain itself is a function of growth rate. It can only be measured when 
the animals are fed individually. 
The main objectives of this study are: 
1. To measure the effects of known environmental factors which tend 
to obscure the genetic differences among animals, 
2. To estimate the heritability for gain, feed consumption and gain 
per pound of feed at different stages on feedlot and at different 
ages in life. 
3. To measure the phenotypic and genetic relationships between these 
traits. 
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II. REVIEW OF LITERATURE 
A. Effects of Environmental Factors 
Many studies have been published on various environmental factors 
which affect the growth of calves at various stages of life. These 
factors begin operating in the early embryonic stages, mediated through 
the incra-uterine environment. The influence of these factors are 
frequently reflected in the birth weights of the calves.. After birth 
other factors affect the weight of calf such as milk flow of the dam 
(mothering ability) environmental or seasonal variations e.g. changes 
in temperature, humidity, rainfall, availability of forage etc. These 
factors affect the weaning weights greatly. At weaning some of the 
effects of the environment provided by dam ceases but certain other 
factors continue affecting growth in post-weaning period. Some of these 
physiological and environmental factors have been reviewed here very 
briefly, 
1. Effect of sex 
It has long been noted that sex of the calf plays an important role 
in the birth weight, weaning weight and subsequent gains. The bull calves 
are significantly heavier at birth than heifers. In the dairy breeds this 
difference has been variously reported from 1 to 8 pounds with an average 
of about 4.8 pounds (Eckles, 1919; Fitch et al.. 1924; and Knapp et al.. 
1940), Among beef breeds the sex difference in birth weight ranged from 
4.2 to 5.8 pounds with bull calves averaging about 4.7 pounds heavier than 
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heifers (Burris and Blunn, 1952; Dawson et al.. 1947; Gregory et al.. 1950; 
Knapp et al.. 1940, 1942; and Woolfolk and Knapp, 1949). Sex differences 
in weaning weight have also been reported by many workers (Burgess et al., 
1954; Gregory et al., 1950; Koch, 1951; Koch and Clark, 1955a; Koger and 
Knox, 1945; Rollins and Guilbert, 1954; Rollins and Wagnon, 1956; Swiger, 
1960, 1961; and Woolfolk and Knapp, 1949). Swiger (1960) reported sex 
difference in weaning weight was 45.4 pounds in favor of bull calves. 
Marlowe and Gaines (1958) noted that sex of calf influenced growth rate in 
both creep fed and non creep fed groups of calves studied over a period of 
4 years for preweaning growth rate. Bull calves grew approximately 5 per­
cent faster than steer calves and steer calves grew approximately 8 percent 
faster than heifer calves. 
Klosterman eit al. (1954) reported the feedlot performance and carcass 
quality of early and late castrated steers and bulls. There were no 
significant differences in gains between steers castrated at approximately 
one month of age and those castrated at weaning at approximately seven 
months of age. Bulls gained significantly faster than steers and required 
less feed per unit of gain. However, the bulls were not as well finished 
as the steers at the time of slaughter. This influenced the carcass 
characters studied. The steers had a significantly higher dressing 
percentage and lighter hides. 
Nelms and Bogart (1955) reported that bull calves decrease in ef­
ficiency more rapidly than heifers as they grow in body weight from 500 to 
6 
800 pounds. However, bulls were still more efficient than heifers during 
the later test periods, 
Bennett (1958) found that postweaning male calves gained ,54 pound 
per day more in the feedlot than did female calves. In efficiency of feed 
utilization, male calves were also superior to femalea, 
Richter et^ al. (1933) reported fattening and slaughter experiments on 
young bulls and oxen. The latter (oxen) required 21 percent more energy 
value per unit of gain in weight. They fattened more slowly, taking 43 to 
47 weeks while the bulls were fattened by the end of 33 1/2 weeks. How­
ever, oxen gave a higher slaughter yield (62,0 percent) while the bulls 
yielded 59,5 percent. The dry matter content of meat was 3 percent higher 
in the oxen and their flesh had a much better grain, 
2, Effect of age of calf 
The age of calf would be expected to have different effects in 
different environments. Most workers have found age of calf to affect 
weaning weight nearly linearly (Burgess et al,. 1954; Koch, 1951; Lush, 
1930; Marlowe and Gaines, 1958), In most of these studies,, the effects 
of age of calf decreased slightly for older calves. Swiger (1960) 
reported that the effect of the age of calf at weaning on postweaning 
gains decreased for every successive 28 day period. Ahmad (1964) 
reported non significant correlations between initial age and subsequent 
gains in the feedlot over a period of 4 years within each of the three 
groups of steers which differed in initial weight and age. The 
correlations were small and varied in signs, indicating that they were 
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near zero. In this experiment, the steers in each group were bom within 
a short period in the early spring and were started on feed on the same 
day later on. Thus, the steers in each group were of fairly uniform ages. 
Under these conditions, the intra-group variation in age was too small to 
reflect any meaningful relationship, 
3, Effect of years 
Many of the factors that influence the performance of calves are 
peculiar to the particular year in which they were born and reared. Most 
commonly cited reasons for yearly variations are the effects of 
temperature, humidity, rainfall and other seasonal variations. These 
exert influence directly on the comfort and well being of cattle and 
indirectly through the feed and forage supply available when the animals 
are on pasture. Brown (1958) discussed in detail the effects of 
temperature, rainfall etc. on Hereford and Angus calves. Most of the 
workers recognized the effects of years on the performance of animals 
and corrected their data or grouped the data on an intra-year basis to 
remove such effects (Brinks et al.. 1962; Brown, 1960; Flower et al.. 
1963; Koch, 1951; Stonaker, 1963; Lindholm and Stonaker, 1957). Shelby 
et al. (1955) and Kincaid and Carter (1958) analyzed the data within 
years, 
4. Effect of breeds 
It is a well known fact that various breeds differ in their 
performance even under similar conditions of environment. Research 
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workers when dealing with data from many breeds adjust the records for 
the breed effects. Taylor et al. (1960) adjusted birth weights by adding 
5 pounds to Hereford heifers and 4 pounds to the birth weight of Angus 
and Shorthorn heifers. Daily gains to mid summer were adjusted by 
adding .17, .17 and .07 pounds respectively to the daily gain of Angus, 
Hereford and Shorthorn heifers in order to make their gains comparable 
to those of bulls in the different breeds. 
B. Heritability 
Heritability may be defined as the fraction of the observed or 
phenotypic variance which was caused by differences between the genes 
or the genotype of the individuals in the population (Lush, 1948). It 
can be expressed as follows; 
, 2  2 , 2  
h = / Op 
2 
where h is heritability 
2 
Op is the total phenotypic variance in a particular trait 
2 
Ojj is the total variance due to differences among the genotypes. 
2 
The total hereditary variance (o^) may be further subdivided into a 
2 
portion due to the average or additive (linear) effects of genes (o^), a 
portion due to non-additive (non-linear) interactions of allelic genes 
2 
known as dominance variance (o^) and a portion known as epistatic variance 
2 (o^) which includes all non-additive or non-linear interactions of non­
allelic genes. Thus it can be represented as; 
9 
2 2 2 2 
*H = *G + °D + *I 
The portion of the phenotypic variance due to differences of 
2 
environmental origin is designated as and that due to the joint 
2 
effects of heredity and environment is designated as Thus the 
total phenotypic variance may be subdivided as follows: 
4 = + °D + + 4 
Lush (1948, 1949) termed the fraction of the observed phenotypic 
variance due to the sum total of the differences among the genotypes 
of the individuals of a population as heritability in the broad sense. 
2  2 ^ 2 . 2  
^2 _ fa . °G + 
2 2 2 2 2 2 
*G + + °E + °EH 
The variance due to the interaction of heredity and environment 
2 (a„„) may be included in the numerator of the above expression either 
wholly, or in part, or not at all, depending on the method of 
estimation used. 
An individual's genotype is a unit as far as that individual 
itself is concerned. It remains a unit throughout its life. However, 
in transmission to offspring, the Mendelian processes of segregation 
and recombination divide the genotype into genes or groups of genes. 
These come together to constitute a new genotype in each offspring, 
which receives only a sample half of each parent's genes. Combinations 
10 
of genes which have a non linear effect may or may not be passed on 
from parent to offspring. Dominance deviations are not transmitted 
from parent to offspring, since two allelic genes will never get in the 
same gamete. Some of the epistatic effects, however, may be passed on 
to the next generation, the amount depending upon the number of genes 
involved in the particular epistatic combinations. 
The precise definition of heritability in the narrow sense is that 
portion of the observed variance which can be attributed to the additive 
effects of the genes (Lush, 1948). 
2 
, 2 2 _ fc 
® 2' 2 2 2 2 2 
Gp *6 + °D + + °E + °EH 
The two definitions of heritability differ only in what they do 
with the variance due to dominance and to epistasis. They are the same 
when and only when there is no dominance or epistasis. Heritability 
applies to a particular character in a particular population in a given 
environment. Since it is a ratio, its value can change as either the 
numerator or the denominator changes. Confusion about this aspect of 
heritability can make it appear contradictory. For example, if a 
character can be influenced strongly by environmental variations, its 
heritability would be low in a population in which the environment varies 
widely. But in another population in which the physical control is so 
rigid that environmental variations are very slight, the same character 
11 
would appear highly hereditary. Thus the estimates of heritability of 
the same character from two different populations may differ. 
Confusion may also arise when it is not clear whether the 
heritability being mentioned is that of differences between individuals 
or of differences between the averages of groups such as families, 
progenies, breeds, species, etc. The basic unit for estimates of 
heritability concerns differences between individuals. Heritability of 
individual differences can be converted into heritability of differences 
between group averages merely by multiplying by where r is the 
correlation between hereditary values and t is the correlation between 
phenotypic values of individual members of the same group and each group 
contain n individuals. Lush (1949) further distinguished the facts 
concerning heritability and estimates of heritability which are derived 
from the available data. The population has certain biological 
parameters but our estimates of these are subject to sampling errors 
because we derive them from a finite sample of data. Also our estimates 
are subject to errors of interpretations. The magnitude of purely 
sampling errors can be estimated by appropriate statistical methods and 
confidence limits for the estimates can be calculated. 
The estimates of heritabilities of some of the economic traits 
concerning this study from the published literature are given in Tables 
1, 2 and 3, 
It is of great importance to know the accuracy of any estimate of 
heritability. When an estimate has been obtained one wants to be able 
to indicate its accuracy by the standard error. The accuracy of an 
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Table 1, Heritabilities of weaning weight reported in the literature 
Estimates Method Reference Remarks 
.12 Paternal half sibs Knapp and Nordskog (1946) Steers 
.00 b 
OS 
Knapp and Nordskog (1946) Steers 
.30 b , 
os/v Knapp and Nordskog (1946) Steers 
.26 Paternal half sibs Gregory _e^ _al. (1950) Steers 
station 1 
.52 Paternal half sibs Gregory et (1950) Steers 
station 2 
.19 Paternal half sibs Koch (1953) Steers 
.23 Paternal half sibs Shelby ^  (1955) Steers 
.24 Paternal half sibs Koch and Clark (1955b) Steers 
.11 bod Koch and Clark (1955c) Steers 
.25 \s Koch and Clark (1955c) Steers 
.30 Paternal half sibs Rollins and Wagnon (1956) Steers 
.08 Paternal half sibs Blackwell et al. (1957) Steers 
.43 Paternal half sibs Shelby et (1957) Steers 
.08 Paternal half sibs Carter and Kincaid (1959a) Steers 
.69 Paternal half sibs Carter and Kincaid 0959a) Heifers 
.24 Paternal half sibs Shelby e^ al. (1963) Steers 
estimate depends on its sampling variance and the absence of any consistant 
bias, the lower the sampling variance the greater the accuracy. The 
standard error is the square root of the sampling variance. This indicates 
the reliability or confidence which can be placed on the estimates of 
heritability. The method of their calculation depends upon the method of 
estimation of heritability used. The method of paternal half sib 
correlation was used in this study. The calculation of standard error 
for this method is mainly based on the standard errors of intraclass 
correlation coefficients which is then multiplied by some factor (4 in the 
case of half sib correlation) to estimate the standard error for 
13 
Table 2, Heritabilities of postweaning gain reported in the literature 
Estimates Method Reference Remarks 
.99 Paternal half sibs Knapp and Nordskog (1946) Steers 
.46 b 
os 
Knapp and Nordskog (1946) Steers 
.97 b , 
os/y Knapp and Nordskog (1946) Steers 
.70 Paternal half sibs Knapp and Clark (1951) Steers 
.39-.42 Paternal half sibs Koch (1953) Steers 
.33-.51 Paternal half sibs Warwick and Cartwright (1955) Steers 
.54 b 
op 
Warwick and Cartwright Ô955) Steers 
.60 Paternal half sibs Shelby et al. (1955) Steers 
.39 Paternal half sibs Koch and Clark (1955b) Steers 
.18 \d Koch and Clark (1955c) Steers 
.53 Paternal half sibs Patterson ^  al. (1955) Bulls 
.19 Paternal half sibs Dawson et al. (1955) Steers 
.70 Paternal half sibs Blackwell e^ (1957) Steers 
1.57 Paternal half sibs Lindholm and Stonaker (1957) Steers 
.46 Paternal half sibs Shelby et al. (1957) Steers 
.38-.49 Selection high & low Kincaid and Carter (1958) Steers 
.38 Paternal half sibs Carter and Kincaid (1959a) Steers 








bos Carter and Kincaid (1959b) Heifers on 
pasture 
.57 
^od Carter and Kincaid (1959b) Heifers on 
pasture 
.46 Paternal half sibs Shelby et al. (1960) Steers 
.80 Paternal half sibs Chambers ejt al. (1961) Steers 
.40 Paternal half sibs Swiger (1961) Bulls 
.46 Paternal half sibs Brown and Gifford (1962) Steers 
.48 Paternal half sibs Shelby et al. (1963) Steers 
.56 Paternal half sibs Koch et al. (1963) Fort 
Robinson 
1.32 Paternal half sibs Koch _e^ al. (1963) Lincoln 
.43 Paternal half sibs Koch et al. (1963) Fort Reno 
.65 Paternal half sibs Koch et al. (1963) Combined 
14 
Table 3. Heritabllities of efficiency of feedlot gains reported in the 
literature 
Estimates Method Reference Remarks 




.03 Paternal half sibs 
.22 Paternal half sibs 
1.46 Paternal half sibs 
.32 Paternal half sibs 
.99 Paternal half sibs 
.22 b 
OS 
.32 Paternal half sibs 
.80 Paternal half sibs 
.39 Paternal half sibs 
.59 Paternal half sibs 
.14 Paternal half sibs 
.82 Paternal half sibs 
.36 Paternal half sibs 
Knapp and Nordskog (1946) 
Knapp and Nordskog (1946) 
Knapp and Nordskog (1946) 
Dawson et al. (1955) 
Shelby et (1955) 
Lindholm and Stonaker (1957) 
Shelby ^  al. (1957) 
Carter and Kincaid (1959a) 
Carter and Kincaid (1959b) 
Shelby ^  al. (1960) 
Brown and Gifford (1962) 
Shelby _et (1963) 
Koch et al. (1963) 
Koch et al. (1963) 
Koch et al. (1963) 





heritability. Fisher (1925) derived the formula 
Y (k-l)kn 
where S* = standard error 
A 
t =• estimate of intraclass correlation coefficient 
k = number of individual within class 
n = number of classes or groups. 
He further stated that the utility of this formula is subject to many 
drastic limitations: 
15 
(1) n is more often small. 
(2) The region for which formula is inapplicable is in the neighborhood 
of +1 and - When k is large the latter approaches zero so that an 
extremely skew distribution for t is found. It is therefore not usually 
an accurate formula to use in testing significance but is a fairly close 
approximation. 
Hazel and Terrill (1945) used this formula in a slightly modified 
form; 
2 2 2 
St 
(Cg + O"/ t(k-l)kn 
where 
2 
Og = Between sire component or additional variance between individuals by 
different sires. 
2 
= Within sire component or variance between individuals by the same 
sire. 
They further worked out the correction needed for the standard error when 
the individuals are inbred. They suggested that the formula for half sib 
correlation must be modified for the system of mating. For a non inbred 
population the intraclass correlation should be multiplied by the factor 4 
to get the estimate of heritability whereas in the case of one-sire inbred 
4 4 lines and topcrosses the factors are and respectively, 
Knapp and Nordskog (1946) suggested that in the analysis of variance 
of a nested classification, the significance of a mean square is obtained 
16 
by dividing it by its appropriate error mean square. The resulting ratio 
is F, In terms of the mean square components; 
+ kOg Og 
F = 2 " (1+k 
% 
2 C-l) °« 
~ k 
2 ''"S 2 
Since h = — and substituting for a . 
4 + 4 
4(F-l)aJ 
h2 . k ^ 4(F-1) 
4 +-IT-
They further suggested that in order to calculate chance deviation 
2 
from true h to employ Fisher's Z for which the upper and lower limits 
may be obtained for a given level of probability. By converting the 
fiducial limits of Z in term of F and substituting into the formula: 
, fiducial limits of heritability can be obtained, 
Osborne and Paterson (1952) discussed the limitations of methods 
for working out the confidence limits where more than two components 
are involved in the estimates of heritability. Although calculating 
the precise confidence interval is not possible because of anormality of 
distribution, they discussed a method by which estimates of sampling 
17 
variance may be derived for all ratios involving such components. For a 
simplified classification, the method gives a close approximation to 
Fisher's standard error of the intraclass correlation coefficient, 
Tallis and Klosterman (1959) discussed the minimum number of animals 
which must be studied in order to estimate heritability to a given 
accuracy, by method of paternal half sib correlations. They found that 
the number of animals required to estimate heritability to a given degree 
of accuracy depends on the heritability level. This number increases as 
heritability goes from zero to one. They presented a table showing the 
values of k (number of individual within a class) and n (number of 
classes) required for different levels of heritability at a given level 
of accuracy. They also considered the economic aspect of such 
experimentation and worked out an example to show what should be number 
of offspring per sire and number of sires to be used where facilities are 
limited, 
Swiger ^  al, (1954) derived a formula for the variance of intra­
class correlation when unequal numbers of observations per group occur. 
The effect on the variance of t of adding groups with single observations 
is examined using the formula and results obtained by empirically 
generating data on a computer. The empirical results indicate that the 




where s = number of classes or sires 
k =» number of individuals per class 
N = total number of observations. 
With equal numbers of observation per group and by substituting 1 for the 
factor (N-l)/N the expression reduces to Fisher's (1925) formula for the 
variance of intraclass correlation. This factor (N-l)/N rapidly 
approaches unity as the total number of observations increases. If the 
groups are sets of paternal half sibs and mating is at random, 
heritability is estimated by 4t and variance of heritability is given by 
16 v(t). 
C. Genetic and Phenotypic Correlations 
The genetic correlation measures the degree of the genetic associ­
ation between two characters in the same individual. The theory of 
genetic correlation is based on the idea expressed by Darwin (1872, 1875) 
that living beings are in a state of precarious balance, that whenever, 
"one part is modified through continued selection, either by man or under 
nature, other parts of the organization will be unavoidably modified." 
The selection indexes developed by Smith (1936) for use in the plant 
kingdom and Hazel (1941, 1943) for use in animal breeding included 
provision for genetic correlations. Hazel (1941) stated that genetic 
correlations might exist in a Mendelian population because of linkage, 
because of genes with pleiotropic effects or because of selection with 
19 
varying emphasis upon the different characters in isolated subdivisions 
of the populations. 
Pleiotropy—the manifold effects of certain determining elements or 
genes is a possible source of genetic correlation. The term pleiotropy 
was first proposed by Plate (1910) to refer to more than one effect of 
one Mendelian unit. Since then various more complicated definitions of 
the term have been used by various workers who studied such effects in 
animals and plants, Cuenot (1903), Little (1917) and Detlefsen (1923) 
studied such effects in mice and observed lethal effects associated with 
coat color (in yellow mice and also in black eyed white mice). Lindstrom 
(1929) pointed out that row number in com was associated with cob, 
aleurone and endosperm color as well as endosperm texture (sugary) and 
thought that this relationship might be the result of linkage or 
of manifold effects of genes. Gruneberg (1938) while analyzing the 
plelotropic effects of a new lethal mutation in the rat made the following 
statement; 
"The number of observable characters in an organism is 
infinite. The number of genes which control development is 
limited. It follows that many, perhaps most genes must not 
affect only one organ or character but several at a time. 
Their effects are manifold and the term pleiotropism covers 
this diversity of actions of a single gene." 
He presented a case in which a lethal gene affects the deposition 
of cartilage in the trachea, bronchi, larynx and ribs. The chest is 
very rigid and breathing is difficult. Pressure is exerted on the organs 
of the thoracic cavity causing dyspnea, emphysema and hemorrhage leading 
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to death. Many other cases have been reported in other domestic and 
laboratory animals (Hollander et al.. 1960; Keeler, 1931, 1961; Kondo, 
1952; Nel and Louw, 1953; Paget, 1943 and Russell, 1949). 
The effect of linkage upon genetic correlations would be transitory, 
arising only after a population originated from a cross of different 
lines and decreasing asymptotically as the linkage combination approached 
equilibrium. 
The effect of selection upon genetic correlation depends upon the 
extent to which selection intensity varies in relatively non-interbreeding 
units of the population, the number of characteristics involved and the 
effectiveness of selection. 
If previous selection has been strong for one character (X^) and 
weak for the other character (X^) in some herds, then is likely to 
have increased but x^ will have remained about at its original level in 
those herds. If the selection in other herds was weak for X^ but strong 
for Xj, the reverse will have happened. If a study is made on this 
population containing individuals from both kinds of herds, the genetic 
correlation between characters X^ and X^ will be negative. If both 
characteristics were given the same relative emphasis in all herds but 
selection was intense in some herds, weak in others, this would lead to 
some positive correlation between X^ and X^ in the general population, 
merely because the means would have increased in those herds where 
selection was successful but both would have remained nearly unchanged 
in herds where selection was weak (Lush 1948). 
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Hazel (1943) and Hazel ejt al. (1943) outlined a method for computing 
the genetic correlations from the variance and covariance components while 
considering the growth rates of pigs at different ages, 
Knapp and Clark (1947) adapted the method of analysis used by Hazel 
et al. (1943) to beef cattle data. The feeding period was divided into 
three 84-day periods for the analysis. The genetic Influences for each 
of the three periods constituted 10, 54 and 84 percent of the variation 
in gains. The analysis indicated little environmental correlation between 
the three periods and that the genetic influence becomes greater as the 
feeding period progressed. The correlation between the genetic influence 
(G^) for the entire period and the observed growth over the same period 
was ,85, They concluded that heredity plays a most important part in 
determining the gains of calves in the feedlot, 
Knapp and Clark (1951) worked out the genetic and environmental 
correlations between weaning score and subsequent gains in the feedlot 
with Record of Performance (R.O.P,) steers and observed a gross 
correlation of ,0001 between these two traits. A genetic correlation of 
,300 and an environmental correlation of -,304 were obtained. The 
heritability estimate for score was 31 percent and for gains 70 percent. 
They considered that the negative environmental correlation may be due 
to (1) some increased gains in the feedlot compensating for the relatively 
poorer conditions of environment before weaning or (2) negative 
correlation that may exist between milk production and gain. 
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Koch and Clark (1955) found the genetic, environmental and phenotypic 
correlations between birth weight, weaning weight, gain from birth to 
weaning, weaning score, yearling weight and gain from weaning to yearling 
by the method of paternal half sibs. The results obtained by them are 
given in Table 4. 
Table 4. Genetic, environmental and phenotypic correlations among paternal 













Birth weight Genetic .63 .46 .19 .40 .06 .13 
Environ. .29 .12 .19 .30 .03 .23 
Pheno. .39 .21 .19 .34 .04 .20 
Weaning weight Genetic .98 .47 .54 -.03 .23 
Environ. .99 .68 .46 -.47 .27 
Pheno. .98 .64 .47 -.33 .26 
Gain b.-wn. Genetic .50 .51 -.05 .23 
Environ. .67 .43 -.49 .25 
Pheno. .64 .44 -.36 .24 
Weaning score Genetic .31 .05 .45 
Environ. .25 -.39 .26 
Pheno. .25 -.26 .29 
Yrlg. weight Genetic .83 .49 
Environ. .56 .61 
Pheno. .67 .56 







Lindholm and Stonaker (1957) worked out the genetic and phenotypic 
correlations between various traits affecting the net income. The traits 
considered were feedlot gain, days on feed, grade at weaning, grade at 
slaughter, feed per pound of gain, slaughter weight, 18 month weight of 
dam and net income per hundredweight. The four traits, weaning weight 
(W); daily gain (R); days to finish (F) and feed efficiency (E) were 
used in the aggregate genotype in the index computations. The genetic 
correlations for the traits used were: „ = +.25; r„ „ = -.82; % % 
r_ _ « +.31; r_ = -.26; r„ „ = +.05 and r^ - -.36, 
Carter and Kincaid (1959a) studied the genetic and phenotypic 
correlations among various traits from data on 195 steers and 190 heifers 
calved over a 5-year period, the progeny of 36 sires at the Virginia 
Station. The steer progeny were full fed individually on gain evaluation 
test for 200 days following weaning and were slaughtered at the end of 
the test. The heifers were wintered largely on roughage and tested by 
gains made on pasture their yearling summer. The traits studied by them 
in the steers were weight at 6 months (182 days), feeder grade at weaning, 
daily gain on feed, TON requirements per hundred weight gains, slaughter 
grade and carcass grade. In heifers, the traits were weights at 6 months, 
feeder grade at weaning, daily gain on pasture and yearling feeder grade. 
Genetic correlations were estimated from paternal half sib analysis using 
the sire components of variance and covariance as described by Hazel al. 
(1943). The results obtained are given in Table 5 and Table 6 for steers 
and heifers respectively. 
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Table 5. Genetic and phenotypic correlations among traits in steers 
(Carter and Kincaid, 1959b) 
TON/ 
Items Feeder Daily cwt. Slaughter Carcass 
grade gain gain grade grade 
182-day weight Genetic ,49 ,66 ,43 .36 ,84 
Pheno, ,32 ,24 ,26 ,28 ,23 
Feeder grade Genetic ,28 -,11 .66 ,65 
Pheno, -,07 ,11 ,36 .16 
Daily gain Genetic 
— 
-.32 ,48 .85 
Eheno, -,50 ,38 ,31 
TDN/cwt, gain Genetic ,18 ,16 
Pheno, .08 .16 
Slaughter grade Genetic .83 
Pheno, ,60 
Table 6. Genetic and phenotypic correlations among traits in heifers 
(Carter and Kincaid, 1959b) 
Items Feeder grade Daily gain Yearling grade 
182-day weight Genetic ,31 .51 ,50 
Pheno, ,37 .20 ,28 
Feeder grade Genetic -.0004 ,63 
Pheno. -.02 ,56 
Daily gain Genetic .58 
Pheno. ,0002 
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The most important genetic relationship in this study was the fairly 
high positive correlation between gain from birth to weaning at 182 day 
and postweaning gains. The genetic correlation between weight at 6 months 
and feedlot gain was .09 in the steers and .51 in heifers on pastures. 
Swiger (1960, 1961) studied the genetic and phenotypic correlation 
between birth weight (P^); weaning weight (Pg); first period gain (P^); 
second period gain (P^); third period gain (P^); fourth period gain (Pg); 
fifth period gain (P^); total feedlot gain (Pg) and final weight (Pg). 
The results are given in Table 7. Brown and Gifford (1962) found that 
genetic correlation between test gain and feed consumption was .394, 
between test gain and final score was .283 while that between test gain 
and final weight was .307. The genetic correlation between test gain and 
feed conversion was -.344. This estimate agreed closely with that of 
Swiger (1961) but it is higher than that of Lindholm and Stonaker (1957). 
This correlation would be negative because lower values of feed conversion 
were desirable and faster gains were associated with more efficient feed 
conversion. 
Shelby ^  al. (1963) published the estimates of phenotypic and 
genetic parameters in ten years of Record of Performance (R.G.P.) steer 
data from Miles City. They studied a large number of traits pertaining 
to liveweight and carcass characteristics. Some of the phenotypic and 
genetic correlations pertinent to this study are reproduced in Table 8. 
They further stated that several of the correlations were part-
whole correlations and hence were high. 
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Table 7, Phenotypic, genetic and environmental correlations (Swiger, 
1961) • 
^2 ^8 ^9 
Phen. ,31 .14 .14 .11 ,15 .11 .26 ,36 
Gen, ,69 .94 1.04 .12 1,03 ,12 .85 ,78 
Env. .19 -.05 -.16 .10 ,02 ,11 .01 ,18 
Phen, ••• .11 .22 ,11 ,14 .02 ,24 .87 
Gen, 1.21 .93 ,62 .75 -.25 ,93 ,98 
Env, —— -.19 -.04 -,02 .03 .05 -,08 ,84 
Phen, — .06 -.01 .01 ,01 .47 ,32 
Gen, — —  — —  1.06 .51 .74 .27 ,94 1,10 
Env, — —  -.22 -.12 -.09 -.02 ,31 ,00 
Phen, — —' .02 .08 ,03 ,48 ,41 
Gen, — — —  .44 .87 ,19 .93 ,95 
Env, - - -.10 -.06 .02 ,26 .11 
Phen, .06 .17 ,48 .33 
Gen, — —  — —  — —  — —  .88 .24 ,74 .69 
Env, — —  — —  " — -.06 .17 ,41 .20 
Phen, .19 ,53 .37 
Gen, —  —  .82 1,00 .88 
Env, ,15 .45 .27 
Phen, 1  — k. — — —  — —  — —  —•» ,54 .29 
Gen, — —  — —  — — —  — —  — —  .46 ,08 
Env, — —  — —  — —  — —  — — ,63 .39 
Phen, — —  — —  — —  —  —  — —  — — .69 
Gen. -- —— —— — — —  .98 
Env. — —  — — —— —  —  — —  — —  .47 
A large number of workers have worked out the heritability estimates 
and genetic and phenotypic correlations in dairy cattle and other live­
stock. 
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Birth wt. Genetic .68 .99 .29 .48 .51 
Pheno. .37 .29 .30 .45 .46 
180 day Genetic .51 .77 .86 .89 
wt. Pheno. .57 .18 .57 .58 
Weaning Genetic -.02 .29 .42 
score Pheno. .03 .35 .35 
Average Genetic .96 .91 
daily gain Pheno. .86 .81 
Final wt. Genetic .98 
Pheno. .97 
The theory of genetic correlation has also been checked 
experimentally in laboratories by various workers. 
Reeve and Robertson (1953) analyzed data collected on a strain of 
Drosophila melanogaster (fruit fly) selected for long wings for 76 
generations. The observations were also taken on thorax length and 
various other characters. The genetic correlation between wing and 
thorax length is about .75 in the unselected (control) stock and .86 
in the selected stock. 
Falconer (1954) performed an experiment on mice which provided a 
check on the validity of the theory of genetic correlations. Two-way 
selection was made for weight at six weeks in one pair of lines and 
for tail length at the same age in another pair. The responses of both 
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characters were observed in both pairs of lines. Estimates of the 
genetic correlation between weight and tail length calculated separately 
for the two pairs of lines were .62 and .57. This good agreement showed 
that theoretical treatment of the genetic relationship between the two 
characters accounts adequately for the correlated responses to selection 
actually observed. 
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III. SOURCE AND NATURE OF DATA 
The data for the present study were the feed and gain records of 
327 Angus and Hereford steers fattened in feedlots at one of three stages 
of life. These animals were bom in 1958, 1959, 1960, 1961 and 1962 at 
the beef experiment stations of Iowa State University in southern Iowa. 
They were bom in the early spring each year and were weaned in the last 
week of November the same year. 
At weaning the male calves from each sire were castrated. They were 
subdivided into three groups E^, E^ and E^, The design required placing 
two steers from each sire in each group but this was not possible in a few 
cases where there were not enough male calves from the sire. 
Group E^ was transferred to the feedlot immediately after weaning. 
There they were placed on a high concentrate ration consisting of 1600 
pounds cracked shelled com, 250 pounds rolled oats, 150 pounds soybean 
oil meal, 5 pounds cattle mineral and 5 million units vitamin A per ton 
of feed. After an adjustment period of one month, they were individually 
fed ^  libitum. Body weights and feed consumption were recorded at 
28 day intervals. The average initial age of the animals in this group 
was 264 days and their average initial weight at the start of the 
feedlot test was 483 pounds. They remained on feed on the average for 
273 days. 
Groups Eg and E^ were wintered on silage and hay. About one half 
pound of soybean oil meal per head per day and a limited diet of com and 
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oats was provided so as to allow the animals to grow at an average rate 
of one pound daily. 
During early summer beginning on May 1 group was transferred to 
the feedlot. After a similar adjustment period of one month, they were 
put on full feed. The average initial age of this group was 427 days 
and average initial weight in the feedlot was 639 pounds. They were 
fattened during the summer months. They remained on feed on an average 
for 193 days. The body weight and feed consumption was recorded at 28 
day intervals. 
Group was grazed on pasture from May 1 to middle of October. 
The pastures available to them were blue grass and legumes varying a bit 
from time to time. These animals were transferred to the feedlot during 
the month of October. Their average initial weight in the feedlot was 
768 pounds, and the average initial age was 558 days. After an adjustment 
period of one month similar to E^ and E^, they were put on full feed. 
They were fed on an average for 167 days. 
The animals were taken off feed when they reached approximately 1000 
pounds body weight when it was thought their carcasses would grade U.S. 
Choice. Thus, the animals of group E^, being lighter in weight initially 
were fed for a longer period than the steers in groups Eg and which 
reached that weight at an older age but after less time on full feed. The 
total length of feeding period also varied a little from steer to steer. 
Thus, the data aval lab 1-e for this study comprise Initial weight, 
subsequent weight at every 28 day interval in the feedlot and feed consumed 
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in each period by steers of group E^, and E^. The main purpose of 
this study was to find out the genetic parameters of growth rate and 
feed utilization in beef steers. The data from each treatment group 
were first considered separately and later jointly to examine the genetic 
relationships among these groups. 
For the purposes of this study the entire feeding period was divided 
into three subperiods and the following variables were considered 
as distinct quantitative traits with their own sources of variation. 
Gain 1—gain in weight by each steer during first 56 day period. 
Gain 2—gain in weight by each steer during second 56 day period. 
Gain 3—average daily gain by each steer during the period from 
113th day until the end of the feeding test. 
Feed 1—feed consumed by each steer during first 56 day period. 
Feed 2—feed consumed by each steer during second 56 day period. 
Feed 3—average daily feed consumed by each steer during period 
from 113th day until the end of the feeding test. 
Efficiency 1—gain per pound of feed consumed by each steer during 
first 56 day period. 
Efficiency 2—gain per pound of feed consumed by each steer during 
second 56 day period. 
Efficiency 3—gain per pound of feed consumed by each steer during 
the period from 113th day until the end of the feeding 
test. 
Since the length of the remaining period after 112 days varied from 
steer to steer, the average daily gain and average daily feed consumed 
were studied instead of the absolute gains and feed consumption figures. 
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IV. METHOD OF ANALYSIS 
A. Estimation of Environmental Effects 
The environmental variations such as differences between the years, 
breeds and treatments tend to mask the genetic differences present in the 
animals. The contribution of these environmental factors to the total 
phenotypic variation should be eliminated before proceeding with the 
genetic analysis of data in order to obtain unbiased estimates of genetic 
and phenotypic parameters. These factors, if ignored, would inflate the 
error variance and also could bias the estimates of other effects unless 
the factors neglected are proportionally distributed over all other 
sources of variation. Thus the data collected over a number of years, 
breeds and treatments warrant such statistical control. 
The method of analysis used is the well known method of least 
squares. The theory of least squares for estimation in a multiple 
classification with disproportionate subclass frequencies has been given 
by Yates (1934). The procedure of least squares as it applies to animal 
breeding data has been discussed in detail by Hazel (1946), Henderson, 
(1948), Koch (1950) and Harvey (1960). This method is resorted to when 
disproportionality of subclass frequencies causes non-orthogonality 
between different effects under study. 
The method consists of fitting constants for each of the independent 
variables which in this case are the measurable environmental effects 
that are included in the model. 
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The first step in the analysis of data is to choose a mathematical 
model. Selection of an appropriate model is very important since the 
accuracy and validity of conclusions drawn from the analysis depend 
highly on how accurately the selected model describes the biology involved. 
It is therefore necessary to include in the model all effects which really 
do affect the variability of the character in order that the estimates 
obtained in the analysis will be unbiased. At the same time the model 
should not be so complex that the analysis cannot be completed within 
reasonable time and cost. So a compromise should be sought to render a 
model that is simple enough to be solved and yet represents as completely 
as possible the biology behind the situation. 
1. Model 
"iJkX + Yi + bj + + (yb)y + (yt)j^ + + (ybt)^^^ + Cijkl 
where 
i = 1,2,...,p (Number of years = 5) 
j = l,...,q (Number of breeds = 2) 
k = l,2,..,,r (Number of treatment groups = 3) 
1 = l,2,...,n, , (Number of observation in each year breed treatment cell) 
ijK. 
= is the 1th observation on kth treatment jth breed in ith year. 
/U = is an effect common to all test groups in the population. 
y^ = is the additive effect of the ith year. 
bj = is the additive effect of the jth breed. 
t^ = is the additive effect of the kth treatment group. 
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(yb)^j = is the Interaction between ith year and jth breed. 
(yt)^j^ = is the interaction between ith year and kth treatment, 
(bt)jj^ = is the interaction between jth breed and kth treatment. 
(ybt). , = is the interaction between ith year, jth breed and kth 
^ treatment. 
e^j^^ is the random error peculiar to each observation. It measures the 
influence due to any discrepancy between the observed value of a 
characteristics of ijklth individual and the value expected for that 
individual as the sum of u, y^^, b^, t^, (yb)^^, (bt)j^ and 
(ybt)j^j^ effects. 
2. Assumptions underlying model 
The assumptions underlying the model are those required for analysis 
of variance. These necessary conditions were described by Eisenhcrt 
(1947), These are randomness of variables, additivity, equal variance 
and zero correlation and normality. These specify that the errors be 
normally and independently distributed with mean zero and common variance. 
If tests of significance are not to be made the only assumption necessary 
regarding e^ is that they be uncorrelated with the sources of variation 
for which parameters are being estimated. 
If it is desirable to make tests of significance and compute 
reliability estimates from linear models, it is necessary to specify 
completely the error distribution for all random variables. It is usual 
to assume normality for these distributions because this is most often 
biologically sensible and the normal distribution is well known, A linear 
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function of normally distributed random variables is itself normally 
distributed and the normal distribution is completely specified by its 
first two moments. If the errors are mutually uncorrelated and are 
nomally distributed then they are independent. Although the usual theory 
of tests of hypotheses requires normal distribution of errors, Cochran 
(1947) stated that a slight departure from normality introduces no serious 
errors in the significance levels of the F test and two-tailed t test. 
Similarly the effect on the estimates of standard errors and on the 
efficiency of estimates of "effects" is not likely to be large. 
To test the normality in a large set of data, observations are 
grouped in more than 20 subclasses for more precision and the frequencies 
of observations in each subclass are noted. The graph of subclasses 
against the frequencies of observations gives some idea as to the nature 
of the distribution. More precise and exact tests for symmetry and 
normality are based on working out the third and the fourth moments (g^ygg 
respectively) around the mean. These tests have been described in detail 
in many text books (Snedecor, 1956; Anderson and Bancroft, 1952). 
The measure of skewness g^ might be zero, positive or negative. 
If g^ is zero, symmetry in the sample would be demonstrated. A positive 
g^ indicates an excess in the number of items smaller than the mean. A 
negative shows asymmetry in the opposite direction, with an excess 
of values far below the mean. If g^ is proved to be significantly 
different from zero, the excess of small values may be ascribed to a 
real asymmetry in the population from which the sample is drawn, rather 
than to chance deviations which occurred in drawing the sample. 
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Kurtosis is measured by gg, a statistic based on the sum of the 
fourth powers of deviations from the mean. If g^ is zero, there is no 
departure from normality so far as this measure is concerned. A 
positive value of g^ indicates an excess of items near the mean and 
far from it with a corresponding depletion of the flanks of the distri­
bution. A negative value of g^ results from flat topped distribution 
curves. 
3. Method of estimation of constants 
In order to minimize the sum of squares of deviations of the 
observed values from the fitted plane and estimation of unknown 
parameters (constants) it is necessary to take the partial derivatives 
with respect to each of the unknown parameters and then set the resulting 
derivatives equal to zero. These give rise to a series of simultaneous 
equations given below: 
of 
'u: N y+Z N y +Z N b,+E N 
• ••• ^ 
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Kijk/ytOijk-Tij.. 
tk: »..k.*+: Hi.k.yi+: ».jk.tj+H..k.tk+:j Mijk.(yb)ij+: Mi.k.fyt'ik 
+: H.jk.(bt)jk+;j *ijk.(ytt)ijk - ?..k. 
(yb)^j; ^ y^+N^j ^ bj+Z ^ ^ (yb)^j+E (yt)^^ 
(ybc)ijk = Yij.. 
(yt)u^: Ni.k.W+N^^^^y^+Z Nijk,bj+Ni,k,Ck+E Nijk.(yb)ij (yt)^j^ 
Nijk.(ybc)ijk " Yi,k. 
(bt)jk: ^ Ljk.^+^ Nijk ,y i+N, jk,bj+N^j^^t^+Z (yb)^j+Z N^jk/y'^^ik 
^^.jk.(bt)jk+E N^jk (ybt)^j^^ = Y 
(y^t^ijk^ Nijk.^+Hijk.yi^^^jk.bj+Hijk.tk+Mijk.(yb)ij*^ljk.(y^)lk 
+^ijk.(^t)jk+N^j^^(ybc)^j^ = ^ ijk. 
where N. . represents the number of observations in the ijkth cell; 
ij K# 
dot (•) as a subscript denotes summation over the subscript represented 
by the dot. 
Each cell in the normal equations contains the number of individuals 
for that particular cross classification. 
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The equations can be easily solved by the method described by 
Harvey (1960). 
The least square equations can be written in the tabular form 
given on page 39. This complete set of equations contains (i) one 
equation for V, (ii) one equation for each of p years, (iii) one equation 
for each of q breeds (iv) one equation for each of r treatments, (v) one 
equation for each of pq (year x breed) interactions, (vi) one equation 
for each of pr (year x treatment) interactions, (vii) one equation for 
each of qr (breed x trealSient) interactions, and (viii) one equation for 
each of pqr (year x breed x treatment) interactions. Thus we have 72 
normal equations equal to number of parameters from which the 72 x 72 
coefficient matrix can be written out. This is a singular matrix. A 
unique solution to the least square equations cannot be obtained until 
they are reduced in number to the number of degrees of freedom. Although 
numerous restrictions may be imposed in order to accomplish this, the 
restriction that the constants for the main effects sum to zero within a 
set and that the constants for interactions eg: (yb),. sum to zero over 
ij 
each row and over each column is probably most satisfactory. Mathematically 
these restrictions can be stated as: 
I = r bj = Z = 0 
£ (yb)jj = I (yb)^j = I (yt)ik = : (yt)ik = ^ ^ 
i ] i K J k 
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When these restrictions are imposed on the least square equations it 
is necessary to carry out a number of subtractions and additions within 
the coefficient matrix and the right hand members. The coefficients of 
one equation in the y^^ say y^ and one equation in the b^ say b^ and one 
A ^ 
equation in the t^ say t^ must be subtracted from other coefficients by 
A 
columns and rows. The subtraction of the y coefficients is done only 
within Vj columns of coefficients and the subtraction of the b coef-
i q 
A A 
ficients is done only in the b^ columns. Similarly subtraction of t^ 
coefficients is completed within t^ columns within the set of coefficients 
for the two factor interactions e.g, (yb)^j the subtractions and additions 
may be completed as below; 
Similarly the subtractions and additions for (yt)^^ will be 
°lk-"lr-"pk+"pr 
and for (bt) will be 
JK 
The subtractions and additions for the three factor interactions may be 
done 
"ijk ^ ijr "iqk %jk^iqr^"pjr^pqk *pqr' 
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This will reduce the number of columns to the number of degrees of 
freedom. After these changes have been made by column, the same 
procedure is followed by rows. A similar operation is required for 
RHM, By computing the subtractions and additions for all elements 
that are to remain in the reduced matrix a check on the computations 
is provided for the off diagonal elements of the coefficient matrix 
which should be symmetrical about the main diagonal. The reduced 
coefficient matrix is inverted by the usual method. If the matrix is 
too large, the inversion can be done on a computer. The estimates of 
the constants can be worked out by premultiplying the reduced RHM by 
the inverse matrix. The estimates of y , b and t constants are 
P q r 
obtained from 
jp - - I 
'r = - E «k 
k 
The same type of procedure is used to obtain the estimates of the 
interaction constants. The total reduction in sum of squares due to 
fitting the above model can be worked out by premultiplying the row 
vector of the constants with column vector of RHM. The deviation from 
regression or the error sum of squares is equal to 
ijkl ^ Ijkl " K[^^yi'bj,t^^(yb)^j,(yt)^^,(bt)j^,(ybt)^j^] 
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2 
where Z Y. _ is the stun of squares of all the observations (total 
Ijkl tjkl 
crude sums of squares). 
Then the model without three factor interactions, 
?ijki ° w+yi+bj+yk+(yb)ij+(yt)ik+(ht)jk+eijki' 
is fitted in the similar manner and reduction in sum of squares due to 
fitting this reduced model worked out. The extra reduction due to 
fitting the three-factor interactions can be calculated, 
R[(ybt)ijk] = R[w,yi,bj,t^,(yb)^j,(yt)^^,(bt)j^,(ybt)^j^]-R[w,y^,bj, 
Similarly by fitting a model with main effects only 
?ijkl - " + ?! + b. + + «ijki 
and finding out the reduction in sum of squares due to this model and 
subtracting it from the model with two factor interactions, the pooled 
extra reduction due to all two-factor interactions can be worked out. 
These reductions are shown in Table 9 in the form of an analysis of 
variance. The mean squares of two factor and three factor interactions 
can be tested for significance against the error mean square. Then a 
decision as to what effects are important in causing variation in the 
data can be reached. 
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Table 9, Analysis of variance for testing different fixed effects 
Source d.f. S.S. 
Total 329 I ^ 
ijkl Ijkl 
Reduction due to 30 R[#,y,,b,,t,,(yb) ,(yt),.,(bt) ,(ybt),.] 




Error 299 "iju "Rlu.yil'j (yt) Ij . • 0"^) 
(ybt)ijk] 
Reduction due to 8 R[y,y.,b ,t ,(yb) ,(yt),(bt) . ] 
model without 3 i j k ij iK jR 
factor inter­
action 
R[(ybt)^j^] 22 R[w,yi,bj,t^,(yb)^j,(yt)^^,(bt)j^,(ybt)ij^] 
-R[u,yi.bj,t^,(yb)^j,(yt)^^,(bt)j^] 
Reduction due to 8 R[u,y.,b,,t^] 
model with main ^ 
effects only 
Pooled reduction 14 R[vi,y ,b ,t, ,(yb),.,(yt)., ,(bt),,] 




B. Estimation of Genetic Parameters 
1. Heritability 
Methods of estimating heritability rest in one way or another on 
measuring the extent to which related individuals are more like each 
other than unrelated one. It is an expression of how closely the 
phenotypic resemblance equals the known genetic relationship of the 
relative. Some of the methods of estimation include comparison of 
parent and offspring; correlations among full sibs or half sibs and 
selection experiments. The latter are an extended or accumulated form 
of parent-offspring comparison. 
In the present study the data permit only the use of paternal half 
sib correlations. After the corrections for the environmental effects 
have been made, each variable or observation could be assumed to have 
the following pattern 
"ij = " + =1 + 'ij 
where i = l...s(number of sire) j = 1,...n^(number of observation on 
ith sire) 
= the observation on jth animal having ith sire. 
(j = the effect common to all the animals observed. 
= the effect of the ith sire. 
e^j « the error associated with jth individual having ith sire. 
The following assumptions are necessary for the analysis of variance. 
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(a) E(S^) = ECe^j) = 0 
(b) E(S^) = Gg 
(c) E(e2j) = ol 
(d) all the elements in the model are uncorrelated. 
In accordance with the above model, the analysis of variance and 
covariance was run on all nine variables in each treatment group 
separately. 
Table 10. Analysis of variance for estimating heritability (Kempthome, 
1957) 
d.f. M.S. E.M.S. 
3 2 2 1 2 
Amung sire groups s-1 S (t o + a ) +k("T a ) 
t g e H g 
3 2 2 
Within sire groups N-s W (7- o + o ) 
4 g e 
Total N-1 
where N = total number of observation 
k = number of progeny per sire group 
3 2 2 
In this analysis mean square within (W) contains (-^ a + a^) whereas mean 
g 
3 2 2 1 2 1 2 
square among sires (S) contains (-^ + a^) + k(-^ o^). The term o^). 
2 
called the sire component (o^), can be separated and it measures the 
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12 12 
covariance between half sibs. In fact it is an estimate of r o + tt o 
4 g 16 gg 
12 2 
+ 77 o + etc. where a is the additive genetic or genie variance, 
64 gg g 
2 2 
a is additive x additive and a + etc. is the additive x additive x 
gg ggg 
additive genie variance (epistatic variance). In case the epistatic 
variance is non existent and the dams are unrelated among themselves and 
to the sires (random breeding population), the heritability can be 
estimated by multiplying the intrasire correlation (t) be four. 
2 
h = 4t where 
12 12 2 
t = s-w 4_fg = 
The expected value of this estimate of heritability should be fairly 
close to the heritability in the narrow sense defined by Lush (1948). 
2. Standard errors of heritability estimates 
To find out how much reliability or confidence can be placed on 
the estimates of heritability, standard errors are usually calculated. 
These are based on the sampling errors of the intraclass correlation 
coefficients. Various workers have developed approximate formulae for 
working out standard errors of heritability in different situations. 
These are practically the modification of the basic formula given by 
Fisher (1925). A more recent formula given by Swiger et (1964) 
deals with unequal numbers of progeny in the sire groups. They further 
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examined the effect of adding groups with single observations on the 
variance of t and compared the results using the formula with the results 
obtained by empirically generating data. They found that the approximate 
formula is satisfactory over the range of numbers used. 
In the present study the standard errors of heritability were 
obtained by using the formula given below: 




3. Genetic correlations 
A genetic correlation between two traits in the same animal is the 
ratio of the genetic covariance between those two traits to the geometric 
mean of the genetic variance. It measures the degree to which additive 
deviations in different traits are caused by the same determining factors. 
The method for estimating such a correlation was developed by Hazel (1943) 




where and Gj are the genetic values of the individual for trait 1 and 
j. The basic principle of their estimation is to compute the correlation 
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between two different traits in two different individuals who bear a ge­
netic relationship to each other but whose environments were uncorrelated. 
Two methods have been proposed for this computation. One method 
utilizes regression of offspring on parent. A second method utilizes 
components of variance and covariance to compute the correlation between 
a trait in one individual and another trait in a half sib. The latter 
method is used in this study. 
Kempthome (1957) described the method of finding components of 
covariance in such analyses which is practically based on the relationship 
The analyses of variance could be run on the sets of observations A 
and B separately and also on a set of compound observations (A+B). The 
covariance between A and B could be worked out as: 
The components of covariance were worked from these analyses in the 
usual manner. The genetic correlations were worked out from the sire 
components. 
The. standard errors for the genetic correlations were also determined, 
using the approximate formula given by Robertson (1959) 
V(A+B) = V(A) + V(B) + 2 Gov. (A,B) 
Gov (A,B) = Y [V(A+B) - V(A) - V(B)] 
r 
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C. Estimation of the Phenotypic Parameters 
1. Phenotypic correlations 
Phenotypic correlations describe the linear relationship existing 
among different traits in the same individual within the population under 
study. They are useful in prediction and in constructing selection 
indices (Hazel, 1943). These are of little value in estimating the 
genetic relationship since the traits which occur in the same individual 
are generally correlated for environmental reasons. 
Phenotypic product-moment correlations among the various traits were 
calculated, using the total phenotypic variances and covariances between 
various traits. 
The standard errors for these phenotypic correlation coefficients 
were also calculated by the usual formula. 
In the final stages of analyses, the average daily gain, average 
daily feed consumption and feed efficiency for each steer over the entire 
feeding period are considered as variables 1, 2 and 3 respectively. To 
avoid correcting the data for the fixed effects, the analyses were rtin 
within years for each treatment group separately and the results pooled 
over the years. This pooling over the years is only valid when the error 
variances over the years are homogeneous. This homogeneity of variance 




the variance components were computed, Heritability estimates were 
obtained by multiplying the sire component by four as usual. 
The values of the three variables, average daily gain, average 
daily feed and efficiency for each animals were then averaged for each 
sire and the mean values for the following variables were considered 
for analysis of variance and covariance. The average daily gain in 
(variable 1), average daily gain in (variable 2), average daily gain 
in E^ (variable 3) average daily feed consumption in E^ (variable 4), 
average daily feed consumption in E^ (variable 5), average daily feed 
consumption in E^ (variable 6), efficiency (gain per pound of feed) in 
E^ (variable 7), efficiency in E^ (variable 8) and efficiency in 
(variable 9). The analyses of variance and covariance were performed. 
There being only one value per sire (mean value of observations on 
progenies), the variance thus obtained within year-treatment groups will 
2 *e^ 2 2 be equal to where is the sire component, the random 
error and k is the average number of progeny per sire. As the 
observations in different treatment groups are uncorrelated, the 
covariance term between the two different periods (treatment groups) 
will be a measure of the covariance component for sires, because a 
®1®2 
is zero. Phenotypic correlations between various variables were computed. 
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V. RESULTS 
The data analyzed were the weights and feed consumption of steers on 
feedlot at three different stages of life. Each treatment group E^, E^ 
- and E^ was considered separately at the beginning of this analysis. These 
data were collected over a period of five years, as mentioned earlier. 
The average initial weight, average weight after 56 days and after 112 
days and the average final weights for each year in each group are shown 
graphically in Figure 1 to show the pattern of growth while in the feedlot. 
Growth pattern in each group over all the years was almost linear during 
the period under study. 
The means and variances of all the nine variables under consideration 
are given in Table 11 for each treatment group. The observations were 
grouped in subclasses with 5 pound intervals for gain 1 and gain 2; .1 
pound interval for gain 3; 20 pounds interval for feed 1 and feed 2; .5 
pound interval for feed 3 and frequencies in each subclass noted. The 
distribution of data for groups E^, E^ and E^ for the gains and feed 
consumption in the three periods under consideration are shown in Figures 
2 to 19. In these figures the data seem normally distributed. The 
validity of the analysis of variance depends on how closely the underlying 
assumptions are fulfilled. Failure of any assumption will impair to some 
extent the standard properties on which the utility of the technique 
depends. The experimenter could rarely, if ever, convince himself that 
all the assumptions were exactly satisfied in his data, thus the technique 
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FIG I. MEAN BODY WEIGHTS OF STEERS ON FEEDLOT IN 
DIFFERENT YEARS AND TREATMENT GROUPS. 
Table 11. Means and variances of steers 
Group (n=114) 
Mean Variance 
(Group Eg (n=107) 
Mean Variance 
Group Eg (n=106) 
Mean Variance 
Variables 
Gain in first 56 day period 117.7 585.9 
Gain in second 56 day period 129.0 445.7 
Av. daily gain, last period 1.80 .07 
Feed consumption, first 56 559.5 10397.1 
day period 
Feed consumption, second 56 691.2 10214.4 
day period 
Av. daily feed consumption, 13.19 
last period 
3.75 
Efficiency in first 56 day 
period 
Efficiency in second 56 day 
period 
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Figure 3. Distribution of gain during second 56 day period (treatment group E^) 
24 
22 











2.4 1 . 6  2 . 0  1 . 2  
Class interval (pounds) 























390 470 550 630 710 790 870 950 1030 
class interval (pounds) 








8 10 12 14 16 18 20 22 24 2 
class interval (pounds) 













60 80 100 120 140 160 
class interval (pounds) 
180 200 220  










40 60 80 100 120 140 160 180 200 
class interval (pounds) 
Figure 9. Distribution of gain during second 56 day period (treatment group Eg) 
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Figure 12. Distribution of feed consumption during second 56 day period (treatment group E^) 
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Figure 17. Distribution of feed consumption during first 56 day period (treatment group E^) 
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Figure 18. Distribution of feed consumption during second 56 day period (treatment group E^) 
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Figure 19. Distribution average daily feed consumption during last period (treatment group E 
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the general knowledge of the nature of the data and from a careful 
scrutiny of the data before analysis, the cases where the standard 
analysis will give misleading results or produce a serious loss of 
information can be detected in advance. The principal methods for an 
improved analysis are to restore balance by omitting certain observations, 
treatments or replicates; to subdivide the error variance; or to transform 
the data to another scale before analysis. Cochran (1947) stated that 
non-normality introduces no serious errors in the significance levels of 
the F test or the two-tailed t test. 
Under these circumstances it was assumed that the data were normally 
distributed. The next step was to estimate the fixed effects due to 
various environmental factors. The appropriate model used has already 
been discussed. Firstly, the full model was fitted and the reduction in 
sum of squares due to fitting this model and the deviations from the 
fitted plane (error) was obtained. Then the reduced model, omitting the 
three-factor interactions, was fitted. The difference in reduction due 
to full model and reduced model indicated the extra reduction due to three-
factor interaction. Similarly the joint reduction in sum of squares due 
to all two-factor interactions was obtained. The extra reductions from 
fitting the interaction terms could be tested for significance against the 
error term. The results thus obtained are summarized in Table 12. 
These analyses were performed on the data from 329 animals but later 
it was found that two of these animals were Angus x Hereford crosses. 
These were excluded from the genetic analyses. 
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Table 12, Analysis of variance for gains, feed consumption and efficiency on 
Mean square for gain for Mean squ 




Third period First 56 
days 
Reduction due to 
main effects only 
(years, breeds & 
treatments) 
8 732992.3* 699379.2* 130.43* 26310317. 
Reduction due to 
all 2-factor inter­
actions 
14 2923.0* 6284.1* 0.70* 43094. 
Reduction due to 
3-factor inter­
actions 
8 736.9^ 357.8^ .23^ 9163.1 
Error 299 590.3 561.6 .20 12203.: 
^Significant at the 1% level. 
^Non significant 
I and efficiency on feedlot 
>r Mean square for feed consumption for Mean square for efficiency 
1 period First 56 Second 56 Third period First 56 Second 56 Third period 
days days days days ' 
1.43^ 26310317.1* 31232620.0* 9572.50* 1.2833* 1.0338* 0.5894* 
.70* 43094.3* 46138.6* 18.51* .0081* .0057* .0007^ 
.23^ 9163.6^ 9387.7^ 7.88^ .0002^ .0003^ .0002^ 
.20 12203.3 14332.0 4.92 .0009 .0008 .0007 
Table 13. Estimates (constants) for the environmental effects 
Effects Gain 1 Gain 2 Av.D.G 3 Feed 1 Feed 2 Av.D.F 3 Eff. 1 Eff. 2 Eff. 3 
year 1 6.9 - 8.6 -.20 - 7.6 46.6 - .32 .012 -.023 -.001 
year 2 3.0 17.0 .01 - 4.7 63.3 .04 .007 .008 -.002 
year 3 - 7.9 - 8.0 -.11 - 6.4 - 1.2 - .55 - .009 -.010 -.002 
year 4 - 6.8 7.4 .23 7.2 - 41.4 .75 - .012 .022 .011 
year 5 4.7 - 7.9 .07 11.5 - 67.4 .09 .002 .004 .003 
breed 1 4.7 - 4.0 -.07 49.7 27.1 .33 .004 -.010 -.006 
breed 2 - 4.7 4.0 .07 - 49.7 - 27.1 - .33 - .004 .010 .006 
treatment 1 -14.7 2.3 .04 -192.7 -166.3 -1.86 .025 .034 .017 
treatment 2 - 5.9 8.0 .07 12.4 67.0 .55 - .011 -.006 -.001 
treatment 3 20.6 -10.3 -.11 180.2 99.3 1.31 - .014 -.028 -.016 
<'">>11 11.6 3.9 -.13 46.1 2.7 .53 .007 -.001 -.014 
(yb)ij -11.6 - 3.9 .13 - 46.1 - 2.7 - .53 - .007 .001 .014 
(yb)2i 5.1 5.0 .03 13.1 27.1 .46 .003 -.001 -.0004 
(yb)22 - 5.1 - 5.0 -.03 - 13.1 - 27.1 - .46 - .003 .001 .0004 
(yb)3i - 4.1 - 6.3 -.10 2.2 - 6.2 .03 .004 -.008 -.0005 
(yb)32 4.1 6.3 .10 - 2.2 6.2 - .03 - .004 .008 .0005 
(yb)4i -12.8 - 1.0 .15 - 72.6 - 26.7 -1.58 -' .004 .012 .021 
(yb)42 12.8 1.0 -.15 72.6 26.7 1.58 .004 -.012 -.021 
(yb)5i 0.3 - 1.6 .04 11.1 3.1 .62 - .001 -.003 -.002 
(yb)52 - 0.3 1.6 -.04 - 11.1 - 3.1 - .62 .001 .003 .002 
Table 13' (Continued) 
Effects Gain 1 Gain 2 Av.D.G 3 Feed 1 Feed 2 Av.D.F 3 Eff. 1 Eff. 2 Eff. 3 
(yt  11 -  9.9 1.2 - .15 89.1 -17.9 -1.46 - .042 - .001 ,005 
(yt  12 11.2 -35.6 - .30 -122.5 -50.2 -  .33 ,050 - .029 ,017 
(yt  13 -  1.3 34.4 .45 33.4 68.1 1.79 - ,008 .030 .012 
(yt  21 • 7 .0  -10.0 - .03 -  53.5 -53.8 .04 ,031 - .001 - .004 
(yt  22 -14.2 , 9 .8  .05 47.7 75.6 -  .02 - .033 ,002 .007 
(yt  23 7 .2  .2  - .01 5.8 "21.7 -  .02 .002 ,003 - .003 
(yt  31 12.4 .2  .09 10.9 20.0 1.09 .014 - .005 - .001 
(yt  32 -  3.1 6.2 .04 5.0 -22.8 -  .69 .008 .012 .001 
(yt  33 -  9.3 -  6.4 - .13 -  15.9 2 .8  -  .40 .006 .007 .0002 
(yt  41 4 .2  -  1.8 - .01 -  10.2 -  3.5 -1.17 .003 .003 .008 
(yt  42 -  3.9 22.6 .15 34.8 -14.7 1.54 - .011 .027 - .001 
(yt  43 -  .3  -20.8 - .14 -  24.6 18.2 -  .37 .008 - .030 - .007 
(yt  51 -13.7 10.3 .10 -  36.4 55.2 1.51 - .006 .004 - .008 
(yt  52 10.0 -  3.0 .06 35.0 12.1 -  .50 .003 - .007 .011 
(yt  53 3 .7  -  7.3 - .16 1.4 -67.3 -1.01 .003 .003 .003 
(bt 11 2.4 5.0 .01 -  8.3 16.4 .14 .003 - .001 - .002 
(bt 12 -10.3 .1  .05 -  10.1 -12.0 -  .08 - .009 .002 .004 
(bt 13 7.9 -  5.1 - .06 18.4 -  4.4 -  .06 .006 - .001 - .002 
(bt 21 -  2.4 -  5.0 - .01 8.3 -16.4 -  .14 - ,003 .001 .002 
(bt 22 10.3 -  .1  - .05 10.1 12.0 .08 ,009 - ,002 - .004 
(bt 23 -  7.9 5 .1  .06 -  18.4 4 .4  ,06 - .006 ,001 .002 
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From Table 12 it was evident that three-factor interactions were 
non significant for all the variables and could be neglected. 
The values of the constants estimated for years, breeds, treatments 
and all two-factor interactions are given in Table 13. The two-factor 
interactions were significant. 
Looking at the magnitude of the fixed effects, it was decided to do 
the genetic analysis on an intra-treatment basis while adjusting the 
data for years, breeds and year x breed interaction effects. 
After necessary corrections for the fixed effects were made, the 
analyses of variance and covariance between sires and within sires were 
performed for all nine variables. The variance and covariance components 
due to various factors and intraclass correlations were worked out. The 
estimates of heritability were obtained by multiplying the intraclass 
correlation by four. The heritability estimates and their approximate 
standard errors are given in Table 14. The genetic and phenotypic 
correlations between various traits under consideration are given in 
Tables 15 and 16, respectively. The standard errors for some values of 
genetic correlations at certain values for heritabilities of the characters 
involved are given in Table 17 for illustrative purposes. Confidence 
limits for illustrative values of phenotypic correlations for the 5 
percent and 1 percent levels of significance are also given in Table 18. 
Both of these tables were calculated on the amount of data available in 
treatment group E^, 
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Table 14. Heritability estimates and their standard errors 
Characteristics or variables Heritability estimates for 
Group Group Eg Group Eg 
Gain in first 56 day period 1.18 .98 .16 
Gain in second 56 day period .46 1.58 1.28 
Av, daily gain, last period .78 .88 .39 
Feed consumption, first .99 .96 - .10 
56 day period 
Feed consumption, second - .06 .08 .72 
56 day period 
Av. daily feed consumption. 1.20 .87 .34 
last period 
Efficiency in first 56 day 1.17 1.57 - . 16 
period 
Efficiency in second 56 day .15 1.72 .71 
period 
Efficiency, last period 1.11 1.02 .15 
Approximate standard error .46 .48 .51 
The analyses of variance were performed on the data for each treatment-
year subclass, working out the breed, sire and error components while 
considering average daily gain over the entire feedlot period as variable 
1, average daily feed consumption over the entire period as variable 2 and 
gain per pound of feed as variable 3. Then these analyses were pooled over 
the years for each treatment group separately. Heritability estimates 
calculated from these are given in Table 19. 
The mean values for average daily gain, average daily feed 
consumption, and efficiency for each sire in all the nine groups were 
submitted to analyses of variance and covariance. The results are given 




Gain 2 Av.D.G 3 Feed 1 Feed 2 Av.D.F 3 Eff. 1 Eff. 2 Eff. 3 
Gain in first E, .061 .355 .201 ? .330 .812 .109 - .113 
56 day period -.509 - .671 -.056 .926 - .589 .848 - . 663 " .540 
4 
-.180 -1.582 ? - .722 .008 - .438 "3.268 
Gain in second E, .391 -.397 9 .146 .215 1.023 - .012 
56 day period Eo .634 .435 1.004 .245 - .717 .990 .476 
^3 
1.312 ? .878 1.288 .923 1.072 
Av, daily gain, 
^1 
-.792 ? .234 .796 .925 .317 
last period Eg .351 1.091 .090 .770 .630 .925 
? 2.003 .736 .684 .776 
Feed consumption. E. ? - .371 - .362 - .893 - .130 
first 56 day EJ 1.334 .718 - .591 .431 .082 
period 
^3 
? 7 9 9 
Feed consumption. El 9 ? 7 
second 56 day Eg 1.232 .186 .990 .481 
period .698 .589 2.754 
Av. daily feed E. .700 - .571 - .807 
consumption. 
^2 




Efficiency in En .364 - .137 
first 56 day Eg - .725 - .587 
period ? 9 
Efficiency in El 1.231 




Table 16, Phenotypic correlations for various variables 
Trt. 
group 
Gain 2 Av.D.G Feed 1 Feed 2 Av.D.F 3 Eff. 1 Eff. 2 Eff, 3 
Gain in first E. -.046 .157 .392 .354 .226 .589 -.404 -,050 
56 day period -.111 -.110 .300 .197 .184 .733 -.295 -.234 
4 
.022 -.113 .609 .305 .363 .690 -.165 -.300 
Gain in second .352 -.057 .569 .229 -.007 .532 .060 
56 day period EJ .478 .408 .503 .469 -.385 .706 .261 
.254 .098 .438 .477 -.104 .744 .007 
Av. daily gain. E. -.128 .313 .429 .220 .159 .438 
last period Eg .261 .344 .435 .256 .254 .821 
^3 .004 .270 .385 -.018 .168 .851 
Feed consumption, En .362 .111 -.484 -.472 -.016 
first 56 day Eg .545 .551 -.397 -.065 -.036 
period .450 .421 -.163 -.261 -.253 
Feed consumption. En .527 .002 -.359 -,022 
second 56 day En .541 -.160 -.214 ,047 
period 
4 
.640 -.040 -.216 -.072 
Av. daily feed E. .154 -.272 -.592 
consumption. Eg -.158 .003 -.138 
last period 
^3 
.431 .047 -.139 
Efficiency in El .364 -.137 




Efficiency in El ,402 





Table 17. Standard errors for the illustrative values of genetic 
correlations at given values of heritabilities of the 
characters involved (Group E^, n = 114) 
Genetic 
correlations 
^1 = .25 ^1 = .25 ^1 = .75 
4 = .25 ^2 = .75 ^2 = .75 
2 1.26 .73 .42 
4 1.10 .64 .37 
6 .84 .49 .28 
8 .47 .27 .16 
Table 18. Confidence limits for the illustrative values of phenotypic 
correlations (Group E^, n = 114) 
Phenotypic 5% level of significance 1% level of significance 
correlation Lower limit Upper limit Lower limit Upper limit 
.2 .014 .368 -.044 .418 
.4 .230 .542 .175 .582 
.6 .465 .708 .419 .733 
.8 .724 .858 .694 .875 
in Table 20. Phenotypic correlations derived from these are given in 
Table 21. 
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Table 19. Heritability estimates over the entire period on feedlot 
Variables E^ 
Average daily gain .72 .32 .90 
over entire period 
Average daily feed .59 .13 .52 
consumed over 
entire period 
Gain per pound of .54 .71 -.11 
feed (efficiency) 
Table 20, Variances and covariances of the intragroup sire averages for performance over the 









Av.D.F. Av.D.F. Eff. Eff. Eff. 
^1 ^3 
Av. daily gain .0254 
"l 
Av. daily gain 
^2 
Av, daily gain 
^3 
Av. daily feed 
^1 
Av. daily feed 
^2 















.0037 - .0194 .0006 .0008 .0004 
,2145 .0900 .0008 .0028 .0009 
.0764 .3594 -.0005 .0004 .0014 
.9378 - .0063 .4023 -.0040 .0012 .0013 
1.5948 .2928 -.0012 -.0002 .0025 
2.8126 -.0050 -.0026 -.0014 
.0001 .0001 .0000 
,0002 .0000 
.0001 
Table 21. Phenotypic correlations among the sire averages for performance over the entire 
period 
Av, D. G. Av, D. G, Av. D. F. Av, D. F. Av. D, F. Eff. Eff, Eff. 
fz S ^1 ^2 fa 1^1 ^2 ^3 
Av. daily gain .273 .087 .687 .019 -.073 .304 .355 .275 
"l 
Av. daily gain .233 .057 .648 .020 .247 .747 .344 
^2 
Av. daily gain .285 .226 .802 .165 .097 .522 
^3 
Av. daily feed -.005 .248 -.359 .089 .136 
:i 
Av. daily feed .138 -.080 -.009 .206 
^2 
Av. daily feed -.256 -.106 -.086 
^3 





A. Heritabllities at Different Ages 
One of the most interesting aspects of the present analysis is the 
age when hereditary differences are expressed to the greatest extent in 
beef steers. Some information concerning this problem is available 
from the estimates of heritabilities from the steers started on feed as 
calves, short yearlings and long yearlings. Steers of these age groups 
were designated as groups E^, and E^, respectively in the preceeding 
analyses. These estimates of heritabilities for the entire feeding 
period for gain, feed consumption, and feed efficiency given in Table 19 
for the three groups provide the best information on this subject. There 
are no clear-cut differences in the estimates for the different age 
groups, although the values of calves are more consistently in the high 
positive range. 
The estimates obtained from the three individual feeding periods 
into which the total feeding period for each group was divided also 
contain some information concerning heritabilities at different ages. 
These estimates are given in Table 14. Because the estimates for each 
group contain the same animals in different subperiods, their sampling 
errors are similar. The unweighted averages of the three part-period 
estimates for gain, feed consumption and efficiency given in Table 14 
were computed for calves, short yearlings and long yearlings. These 
average estimates given in Table 22 are for shorter periods than those 
given in Table 19 which are for the entire feeding period. 
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Table 22. Heritabilities of performance in short periods for steers 
fed at different ages 
Trait Calves Short yearlings Long yearlings 
Rate of gain .80 1.15 .61 
Feed consumption .71 .64 .32 
Feed efficiency .81 1.44 .23 
Here also it can be seen that the estimates are more consistent for 
the steers started on feed as calves. Two of those for short yearlings 
are greater than unity which is obviously impossibly high, while the 
estimates for the long yearlings are lower than those for the two younger 
groups. This analysis in particular suggests that the expression of 
hereditary differences is less clear-cut when steers are fed as long 
yearlings than when they are fed as calves or as short yearlings._ This 
appears quite logical, since the feeding period for long yearlings is 
only about 60 percent as long as that for calves and they have already 
expressed a considerable part of their growth before going into feedlots. 
However other aspects concerned with the best age for testing may be 
equally as important as the expression of hereditary differences. The 
variances for all of these traits are considerably greater in the older 
age groups as shown in Table 11. In any situation where selection is a 
factor, the greater variances of the older groups would permit greater 
selection differentials. 
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Since information on steers is useful only for family selection and 
progeny testing, and not for mass selection, the length of time required 
to obtain the information is likely to be a factor in determining the 
generation interval. The feedlot information from steers fed as calves 
becomes available from six to nine months earlier than that from steers 
fed as yearlings, 
Feedlot facilities as related to the number of steers available for 
feeding, times of year most of the calves are bom, etc., might also 
influence the final decision as to the best age for testing. Because of 
the shorter test period, more groups of yearlings than of calves could be 
tested in a limited testing facility although the older steers would have 
to be maintained on pasture or elsewhere until the start of testing 
period. 
Because of the generally lower heritability estimates of feedlot 
traits for the long yearlings and the longer time required to obtain the 
information needed for selection purposes, most of the evidence appears 
to favor the feeding of steer calves or young short yearlings. Unfortu­
nately, the sampling errors of the estimates in this study are too large 
to yield clear-cut evidence as to whether the heritabilities actually 
differ at different ages and information on this subject is not available 
from other sources. 
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B, Heritabilities at Different Times in Feeding Period 
The expression of hereditary differences at different times during 
the entire feeding period is also an important problem in beef cattle 
improvement. Such problems as the optimum length of the feeding period, 
whether the testing period can be shortened to permit the testing of 
more animals or to reduce testing cost etc., are of concern here. The 
estimates of heritability given in Table 14 for the three age groups were 
averaged for the first 56 day period, for the second 56 day period and 
for the period from the 113th day to the end of the test period. The 
results are given in Table 23. 
Table 23. Estimates of heritabilities for different periods of the 
feedlot test 
Trait First 56 days Second 56 days 113th day to the 
end of test 
Rate of gain .77 1.11 .68 
Feed consumption .62 .25 .80 
Feed efficiency .86 .86 .76 
In the present study the goal of finishing the steers to a rather 
uniform market grade precluded the possibility of conducting a test of 
standard length, even within the E^, E^ and E^ age groups. The 
difference in length of test was particularly large between groups, the 
average length being about 8 months for Ej^, 6 months for E^ and 4 months 
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for E^. Hence the partial period from the 113th day to the end of the 
test is variable from steer to steer and generally constitutes a larger 
part of the total period for the younger steers. 
There is little evidence in Table 23 that heritabilities for any 
of the three traits differ at different times during the feeding period. 
The estimates for the early and late parts of the total period agree quite 
well. It seems more logical to suspect sampling errors as the cause of 
unusually high estimate of 1.11 for rate of gain and for the unusually 
low estimate of .25 for feed consumption in the second 56 day period than 
to ascribe them to physiological differences. 
Knapp and Clark (1947) presented evidence on heritabilities of rate 
of gain in three 84 day periods for steer calves which suggested that 
heritability increased consistently as the feeding period progressed. 
Swiger's (1961) evidence on bull calves suggested that heritability of 
gain was highest in the second 28 day period and thereafter decreased 
consistently until the end of a 140 day feeding period, 
C. General Conclusions Concerning Heritabilities 
The individual estimates of heritability have large sampling errors 
and consequently vary considerably. Presumably most of this variation 
is, or at least could be, associated with small number of progeny per sire 
and the short periods of time involved. For example, three of the 27 
estimates in Table 14 are negative and nine are greater than unity, these 
representing the extreme ranges which fall outside of the biological 
limits of the actual heritabilities. Those estimates made on performance 
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over the entire feeding period (Table 19) and pooled from intra-year, 
intra-breed variances and covariances, are somewhat more consistent than 
those in Table 14, sinCL only one is negative and none are greater than 
unity. Averaging the estimates for each trait from Table 14 and 19 the 
values given in Table 24 are obtained. 
Table 24. Average estimates of heritabilities for three traits 
Trait For 56 day feeding For entire feeding 
periods period 
Rate of gain .85 .65 
Feed consumption .56 .41 
Feed efficiency .83 .38 
The estimates for the shorter periods of time are consistently 
higher than those for the entire period. This is a somewhat surprising 
result because the weighing and sampling errors are relatively larger 
in the shorter periods and this should reduce the intraclass correlation 
as compared with that expected in longer periods. However, if different 
sets of determining factors tend to have important effects over rather 
short periods, the observed results would be expected. This explanation 
seems to have a reasonable physiological basis, since protein deposition 
as occurs in the early period of the feedlot test is quite a different 
process than fat deposition which is important in the later part of the 
total period. The only other explanation of the difference is that the 
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short period estimates were made from data that had been adjusted for 
the important fixed effects indicated earlier, while the estimates for 
the entire period were computed from pooled within year, within breed 
variances. There is no apparent reason to think either of the slightly 
different methods of analysis could have biased the results. 
Knapp and Clark (1947) reported the heritability of gain in steers 
for each of the three 84 day periods on feedlot as .10, .54 and .84. 
Swiger (1961) working with bull calves found the heritabilities of birth 
weight as ,22, weaning weight .25, first 28 day gain .18, second 28 day 
gain .28, third 28 day gain .18, fourth 28 day gain .08, fifth 28 day 
gain .04, 140 day feedlot gain .40 and final weight as .47. The standard 
errors of these estimates ranged from .05 to .16. 
The estimates of heritability in short yearlings (Table 14) are 
quite high where all the estimates except feed consumption during second 
56 day period are close to or above 1.0. Next in order of magnitude are 
the estimates for calves where four estimates have values above 1.0 and 
only one estimate has a negative value fairly close to zero. The esti­
mates obtained for long yearlings are comparatively low and more variable. 
These estimates are in fairly close agreement with estimates reported in 
the literature. 
The estimates for the entire period given in Table 24 also agree 
reasonably well with estimates obtained by other workers. Other esti­
mates of heritability for postweaning gain vary from .19 reported by 
Dawson et al. (1955) to .99 reported by Knapp and Nordskog (1946). 
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However most estimates lie in the range .40 to .70, Lindhoim and 
Stonaker (1957) reported the heritability estimates of 1,57 for daily 
gain and 1.46 for feed per pound of gain from paternal half sib 
correlations. Their data consisted of the observations made on 118 
Hereford steers by 19 sires over a period of 6 years. The estimates 
obtained by them were greater than the maximum limit of heritability 
and may have been the result in part from the extremely close mating 
system, 
Koch et al, (1963) gave estimates of heritability for gain on test 
as .56. 1,32 and ,43 for the experiment stations at Fort Robinson, 
Lincoln and Fort Reno respectively. The average level of TDN consumption 
at Fort Robinson was 5.7 pounds, at Lincoln 9.6 pounds and at Fort Reno 
11.4 pounds. They noted however that the magnitude of the estimates did 
not seem to be related to the level of feeding. They obtained combined 
estimates by weighting the heritabilities from the separate stations 
according to the inverse of their approximate sampling variances. In the 
present study the average estimate of heritability of gain was obtained 
as .65. 
D. Genetic and Phenotypic Correlations 
Genetic correlations between various variables under consideration 
are given in Table 15. Some of the genetic correlations for treatment 
group Ej^ and E^ could not be calculated because the sire component of one 
92 
of the variables involved is negative. These are denoted in the table by 
a question mark (?). 
The genetic relationship between gain in first 56 day period with 
gains in subsequent periods increases as the feeding period progresses in 
calves and has positive sign. In short yearlings the genetic correlation 
for gain between first 56 day period and second 56 day period is -.51, 
between first 56 day period and third period is -.67, These correlation 
values also increase but have negative signs. Such effects are more 
marked in long yearlings. The genetic correlation between gains in first 
and second period is -,18 whereas that between first and third periods is 
-1.58. These negative genetic correlations further support the 
supposition that different sets of determining factors have important 
effects over rather short periods. 
The genetic correlation of gain 1 with feed 1 and feed 3 are .20 
and .33 whereas that between gain 1 and feed 2 could not be calculated 
in calves. In short yearlings the genetic correlations between gain 1 
and feed 1, feed 2 and feed 3 are -.06, .93 and -,59 while they are ?, 
-.72, -.01 respectively in long yearlings. 
The genetic correlations between gain 1 and efficiency 1 are quite 
high (.81, .85) in calves and short yearling groups while it could not be 
calculated in long yearlings. High correlations were expected because 
of the fact that efficiency is a function of gain and feed and is measured 
as their ratio (gain per pound of feed consumed). The genetic 
correlations of gain 1 with efficiency 2 and efficiency 3 where this 
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automatlclty is largely eliminated are quite low (.11 and -.11) in calves. 
They are negative and have values -.63 and -.54 in short yearlings and 
-.44 and -3.27 in long yearlings. 
The standard errors of these estimates are quite large. The 
standard errors of the heritability and genetic correlations are them­
selves the functions of the heritability and genetic correlations 
(population parameters) but in actual calculations estimated values of 
heritability and genetic correlations are used in place of original 
parameters. Hence not much confidence could be placed in them. The 
standard errors for genetic correlations at some given values of 
heritabilities of the characters involved are given in Table 17 for 
comparison purposes. It is evident that standard errors vary with the 
level of genetic correlations and level of heritabilities of characters 
involved. 
The phenotypic correlations for various variables are given in 
Table 16. Phenotypic correlations describe the linear relationship 
existing among different traits in the same individual within a popu­
lation. The phenotypic correlations between gain 1 and efficiency 1 are 
.59, .73 and .69 in groups Ej^, and E^ respectively. The phenotypic 
correlations between gain 1 with subsequent gains and feed consumption 
where automaticity is largely avoided in the periods under study are 
quite low, but the phenotypic correlation between gain 1 and feed 1 in 
group E^ is ,61 which is statistically significant. The phenotypic 
correlation between gain 2 and feed 2 in three groups Ej^, E^, are ,57, 
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.50 and .44 and the correlation between gain 2 and efficiency 2 are .53, 
.71 and .74. The phenotypic correlations between gain 3 and feed 3 are 
.43, .44 and .38 while the correlations between gain 3 and efficiency 3 
are .44, .82 and .85 in E^, and E^ groups respectively. 
Phenotypic correlations between many economic traits have been 
worked out by many workers. Some of these estimates are given in Tables 
4, 5, 6 and 7. 
Koch and Clark (1955a) worked out the phenotypic correlations between 
birth weight, weaning weight, gain from birth to weaning, weaning score, 
yearling weight, gain from weaning to yearling and yearling score. They 
further partitioned the phenotypic correlations into genetic and environ­
mental parts to see how much of this phenotypic correlation is due to 
genetic or environmental sources. 
Lindholm and Stonaker (1957) found .51 for the phenotypic correlation 
between daily gain and feed efficiency (feed per pound of gain) whereas in 
the present study the correlations are .30, .75 and .52 in E^, E^ and E^, 
respectively (Table 21). Carter and Kincaid (1959b) found -.50 for the 
phenotypic correlation between daily gain and TON per hundredweight of 
gain in steers (Table 5). Table 21 shows correlations of .69, .65 and 
.80 respectively between average daily gain and average daily feed con­
sumption in treatment groups E^, E^ and E^. One reason these correlations 
are so high is that they are calculated from the observations on the same 
animals. The correlations between average daily feed consumption and 
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efficiency in these treatment groups are not high, being -,36, -.01 and 
-.09 in E^, Eg and respectively. 
Swiger (1961) gave the phenotypic, genetic and environmental 
correlations between birth weight, weaning weight and gain in each of 
five 28 day periods after weaning, total feedlot gain and final weight. 
These are given in Table 7. In the present study the phenotypic 
correlation between gain 1 and gain 2 and between gain 2 and gain 3 
are based on 56 day periods. The values obtained in this study (Table 
16) are quite comparable to those of Swiger's (1961). According to him, 
the phenotypic correlation of gain 1 with gains in subsequent 28 day 
periods were r- „ = .06, r_ _ = -.01, and r_ _ = .01. 
3 4 3 5 3 6 
E. Important Fixed Effects 
The values of the constants for the fixed effects are given in 
Table 13 for gain, feed consumption and feed efficiency in the three 
subperiods. Table 25 shows the fixed effects expressed in terms of 
one-half of their standard deviation (fixed effects/one half St. Dev.) 
which were larger than one-half of their respective standard deviations 
of the remainder variance. This method of presentation is used for 
convenience to identify the sources of variation according to their 
relative importance, since the absolute magnitudes have already been 
given in Table 13. Those sources of variation which had effect less 
than one-half of their standard deviations are not listed in Table 25. 
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Table 25. Fixed effects^ expressed in terms of one-half of their 
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Rather surprisingly, the magnitude of year differences is rather 
small. Perhaps this reflects the fact that the year classification was 
according to year of birth and not according to the periods of time 
performance was being measured on the steers. Another reason for the 
relative importance of year differences as a source of variation is that 
housing, feeding and management methods and other husbandry practices 
were maintained as uniform as possible. No inference is intended that 
variation due to years might be small in other beef cattle data. 
Differences between the two breeds were so small that none of them 
were large enough to be included in Table 25. Because of the relatively 
large number of sires (48) and rather wide sampling of both Hereford and 
Angus breeds included in this study, a general inference can be drawn 
that the breed averages for rate of gain, feed consumption and feed 
efficiency are quite similar under similar experimental conditions. 
As might be expected, the long yearlings (E^) tended to eat more 
feed than the younger groups and to grow faster, especially in the first 
56 day period on test. Their gain was also less per pound of feed. 
While these differences are entirely logical on the basis of the weights 
and feed requirements expected, the Values found in the present study 
have application only over the restricted sets of conditions imposed in 
the present experiment. For example, the calves were always started on 
feed in the winter, the short yearlings in the spring and the long 
yearlings in the fall. 
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Year x breed interactions were relatively important as a source of 
variation. It seems fairly evident that the Herefords in the fourth year 
were inferior to their Angus counterparts, but differences this large 
could have occurred by chance in the 10 year-breed groups and the 9 per­
formance traits for which results were available. 
Conversely, important year x treatment interactions are quite evident 
as indicated in Table 25. This source indicates more clearly the effect 
of weather, temperature and short time environmental stresses upon the 
performance of the steers than did the major classification of years. To 
a small extent, this source might also include some variation because an 
unusually good group of steers happened to be assigned to one treatment 
group in one year and to another treatment group another year. But since 
this assignment was largely random, most of the year-treatment interaction 
is likely to be due to short time climatological differences, short timed 
subclinical disease outbreaks, etc. 
None of the six possible breed x treatment interactions for any of 
the nine performance traits were enough to be included in Table 25, This 
indicates that there is no particular difference in the response of either 
breed to age of feeding as calves, short yearlings or long yearlings. 
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VII, SUMMARY AND CONCLUSIONS 
The main purpose of the present investigation was to estimate the 
genetic parameters which affect the gain and feed consumption of steers 
on feedlot at one of three stages of life. Efficiency was measured as 
a ratio (gain per pound of feed consumption). Data were available on 
the feed consumed and gains made by 327 purebred angus and Hereford 
steers bom at the beef experiment stations of Iowa State University in 
Southern Iowa during year 1958, 1959, 1960, 1961 and 1962, They were 
progeny of 48 sires. They were bom in early spring each year and were 
weaned in the last week of November the same year. Male calves from 
each sire were castrated at weaning and were subdivided into three groups 
E^, Eg and E^ which were put on feedlot at different stages of life. 
They were individually fed on a high concentrate ration and the records 
of weights and feed consumption were kept for every 28 day period. 
In the present study, the entire feeding period was divided into 
three subperiods. Gains, feed consumption and efficiency for each period 
were considered separately in the analysis. Constants for years, breeds, 
treatments and all of the two-factor and three-factor interactions were 
fitted by the method of least squares. The extra reductions in the sums 
of squares from fitting various effects were tested for significance 
against the error term. The genetic analysis for each treatment group 
was done separately after adjusting the data for years, breeds and for 
interaction between years and breeds, Heritabilities and genetic 
correlations among all nine variables in each treatment group were esti­
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mated from the sire components of variance and covariance. The 
heritability estimates were obtained by multiplying the intraclass 
correlation by four. These estimates are given in Table 14. The 
estimates of heritabilities for the entire feeding period for gain, 
feed consumption and feed efficiency are given in Table 19 for the three 
groups. The unweighted averages of the three part-period estimates for 
the three traits calculated from Table 14 are given in Table 22. This 
analysis suggests that the expression of hereditary differences is less 
clear-cut when steers are fed as long yearlings than calves or short 
yearlings. The feedlot information from steers fed as calves become 
available from six to nine months earlier than other groups but requires 
longer feeding period. The decision as to best age for testing depends 
upon the feedlot facilities available, e.g., number of steers to be 
tested, feed and labour cost etc. 
The estimates of heritabilities for different periods of the 
feedlots test (Table 23) give no evidence of their being different 
from each other. Table 24 show the comparison of the average of 
heritability estimates obtained for 56 day feeding periods with the 
estimates obtained for entire feeding period. The estimates for the 
shorter periods are consistently higher than those for the entire 
period. Such results would be expected if different sets of determining 
factors tend to have important effects over rather short periods. 
The genetic relationship between gain in first 56 day period with 
gains in subsequent periods increases as the feeding period progresses 
101 
in calves and has positive sign. In short yearlings and long yearlings 
the genetic correlations between gain in first 56 day period and gains 
in subsequent periods increase and have negative signs. These negative 
genetic correlations further support the supposition that different sets 
of determining factors having important effects over rather short periods. 
Phenotypic correlations between various important characters were computed 
and compared with those reported in the literature. 
The fixed effects expressed in terms of one-half of their standard 
deviations (fixed effects/one-half St. Dev.) are given in Table 25 to 
identify the sources of variation according to their relative importance. 
The effects having values less than one-half of their respective standard 
deviations were omitted from this table. The magnitude of year differences 
in this set of data is small. This may be due to the fact that the year 
classification was according to year of birth rather than year in which 
performance was tested. The housing, feeding and management methods were 
maintained as uniform as possible. The differences between the two breeds 
were quite small and lead to a general inference that breed averages for 
rate of gain, feed consumption and feed efficiency are quite similar under 
the similar experimental conditions. Interaction between years and breeds 
are quite noticeable and those between age groups and years are particu­
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